A floating-point library for integer processors by Bertin, C. et al.
A floating-point library for integer processors
C. Bertin, Nicolas Brisebarre, Benoˆıt De Dinechin, Claude-Pierre Jeannerod,
C. Monat, Jean-Michel Muller, Saurabh Raina, Arnaud Tisserand
To cite this version:
C. Bertin, Nicolas Brisebarre, Benoˆıt De Dinechin, Claude-Pierre Jeannerod, C. Monat, et al..




Submitted on 19 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de





























ap por t  

de  r ech er ch e 
Thème SYM
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
A floating-point library for integer processors
C. Bertin — N. Brisebarre — B. Dupont de Dinechin — C.-P. Jeannerod — C. Monat —
J.-M. Muller — S. Raina — A. Tisserand
N° 5268
July 2004
Unité de recherche INRIA Rhône-Alpes
655, avenue de l’Europe, 38334 Montbonnot Saint Ismier (France)

































































































































ﬂ	 +#*ﬂﬀ# ~,@# 	&#*(

































































ŁshzFi4t4¿©º¼Ł tx}~Ł]|ªii4}ªtx}ª{ŁNÎ:vfi«­v}~{2Ł©}t'F),±²z}~vÂFi|Ä¿ e$f]i«­{2xh'vj}tj}ª|~|ª]twvxvxi@ {2Ł
´ﬀ}ªij¿






























































































































































































































































































































daeA@ B hCvDC y jAuzh%v6EFB hCl.HmjuFhCvUmJvKJHG yIim0CauFhkjquﬀvKJMLLL gxzhkmpo~uFvw{thCuﬀvCo
N
j"u<oOIlnyVo~uF










ﬂ	 +#*ﬂﬀ# ~,@# 	&#*(
	A	 #',># ﬀ@},& L#
,	&	 +*+# ﬀ,&@
e$f]i?twvŁF twMi4}ÃÂFi4tPvxf]v 
& a), 	A,	" '# '
	|+&	~v @ ,<#   	# *#















































e$f]ikuey«Øhj}~|ªr¬{«f]}~2f©Mix«­{hjŁ]i|~{¯ M{¯(i0¸X¹Nº¼» {si4ttw{2l{2xi@txiPvx2ivxi@ v
ke#n<}ªx{si4|~i@vx{Ł]}ª4ttwrutwvxi4h {2Ł©f}ª]t³Bk ¨$µtx{|ªuv}~{2Ł]t «­{2l]txiP}ªŁ©{2hjuvvx}ª{Ł]|~|ªr}~ŁDvxi4Ł]tx}~À2i
|ª}ª4v}~{2Ł]tyt'f{2twv{2ŁT]u}ª{'{yÀs}ui{`]x{ui@txtx{@¿(ku]fT]|~}vx}ª{Ł]t#}ªŁ]|~]ilihzFi@ui@
txrutvih't$}ªŁ{Ł]txhji@Îuu}ª}~v|	e$¸ Ł]vxi4|~i@{hjhŁ}v}~{2Łh'ﬀE2ivt4¿






























fF6Ài ±²rs|~i |viŁ]r¬³­|ª{2NÎ]hl]|Ãv}~|ªrÎÄ{hj]ivx{PzŁ]fFµ${2}ªŁ<{Łitxil 8±²ru|ªi |ªvxiŁFr














































!ae d  Iiy s d / B h%lsH uFxFy j













































ﬂ	 +#*ﬂﬀ# ~,@# 	&#*(






































































iG`}ªiŁDvj2 80z}ÃvtyŁF½ks }Ãvfhjiv}ª¿>e$fi|~{¯[|~i4Ài|\}ªŁDvxi2i#}~vxfhjiv}ª txM{xv#u}~i4vx|ªr`]txi4t
vfi }ªŁ2vx}ªŁ]tx}ªX«­ŁFvx}ª{ŁFt¿
!ae"! Jvuzo uFmJx gxzhCm;o~uﬀviw { h%uFv%o  uzj~mj$
	yju C y J6r*j~h%l shkr'o~gxzhkmpo
e$f]i
°
































fFŁ]u|ªi4NÎ*|ª}LE2i'}~Ł¾vfi`iŁDvl´ﬀ tw]F{2wv {«$vfiPkuey2¿Pe$f]}ªt ¯#}ª|ª|>zFiui4|Ãv¯#}~vxf}ªŁ «­uvxi
¯({'E\¿
|~|NzFtx}ª{Miv}~{2Ł]t$ŁzMiui@{hjM{2txi4}~ŁDv{vfi«­{]#f]txi4t$zMi|ª{¯ŁH
 ¥¢ È  T§ È ¦ Ì 


















































{2NOX+OÎ>vxfixi@tw]|Ãv0{«yvfi{2Fi4vx}ª{Ł¬}t EDŁ]{¯#Ł }~Ł uÀŁ]iPŁ]¬vfs]tli4D}ªi4tŁ{QŁshji}|
{hjuvv}~{2ŁN¿¾¨L{2Ł]tw}ui4«­{0iÅh0]|~iPvxfi2twi`{«yhl|~vx}ª|ª}ª4v}~{2ŁNÎ:¯#}Ãvf{vjui4Ł{h'|t¿ ³Øe$fi
thjiih''E ]|~}ªi4t0v{¬{vxf]i'{Miv}~{2Ł]t4Î.¯#}~vxf {'¯#}~vxf{2uvPui4Ł{h'|t¿Õµ!e$fivz|~izMi|ª{¯





















- OX+O OX+O O+O
?
- j- ]ﬀ-







]ﬀ- ]ﬀ- 7 ﬂ t`# #




















































































































ﬂ	 +#*ﬂﬀ# ~,@# 	&#*(





ﬁ )+A8A £ 	È 
 
B, t














ﬁp- £ ﬀÈ  ¤ È £ *¤> OX+O

















ﬁ`- £ 	È  ¤ È £	¤7 O+O












ﬁp- £ 	È  ¤ È £	¤> ]ﬀ-











ﬁp)8A+A £ ﬀÈ 
 
B  t














ﬁ`- £ 	È  ¤ È £	¤> O8O











ﬁp)+A+A £ ﬀÈ  ¤ È £ *¤> OX+O

¤ È £	¤> ]ﬀ-

¤ È £ *¤> ]<#

 ¥¢ È § Ì  	 	££ 	È ¤ È ¢ﬀ­£ ¹*iv
$














































































º¼Ł vfiQ4txi<{«uiŁ]{hj|y}ªŁuvŁD]hlzMitÎ(vxf]iQi4ii4}~Ł twvxi4]tP4Ł zMiTi42tw}ª|ªr ]uvi4Ä¿























































JJuzo uFhCv6mvJ sio j~mJ&o~uzhCv
´]{>{2Fi4Ł]tJ;^#iŁ]{si4jzsr\Ît>}~ŁP¿~2Î
$
ﬁ 7 ﬂ ﬀ	# #ﬀ}ªt:2iŁi4vxi@Ftw}ªŁŁ`2u}~vx}ª{Ł'«®vi

















































txf}~«®vx}ªŁ ﬀ\ÎuiMiŁ]}~Łj{2Ł`vxf]i ŁD]hlzMi${«	vxfi|ªi4}~Ł Ki4x{si@tL{« ﬀ`Ł]Pzsr`]Mvx}ªŁ0vxfi|twv(z]}Ãv









































































zŁ]u|ªi Â]|ª|Ävxi s 2 s
eﬀz|ªi H>nT}~Łf]2vxi4x}twvx}tL{«ﬀvxfi2u}~vx}ª{Ł{Mivx}ª{Ł*¿
@e d gxFhkmpo~uFviwJ{thCuFv%oRx<o~u(H xFuF>mpo~uzh%v












ﬂ	 +#*ﬂﬀ# ~,@# 	&#*(
	A	 #',># ﬀ@},& L#
,	&	 +*+# ﬀ,&@




















































































































{}~2}~Ł]|\|~}ªzN¿ Łi¯ |~}ªzN¿:¯({ P½ Łi¯ |ª}~zN¿:¯<P½
vx}ªhji`³









zŁ]u|ªi Â]|ª|Ävxi  2 2
eﬀz|ªiH>nT}~Łf]2vxi4x}twvx}tL{«ﬀvxfiu}ªÀs}ªtx}ª{Ł{Mivx}ª{Ł*¿
























































































































}t{2h0M{2txi4¶{«vfi¾f{2txiŁ hjiŁDv6³Øtµ`ŁF vxf]iiÅuFi@vxi@ i4tx|~v{«vxfi¾{2Fi4vx}ª{ŁN¿·e$fi
{2Fi4vx}ª{Ł
~+*+ # +
vfiTÀ2i4v{jvi4twv`}Ã««­{`i@f ]vxvxi4xŁ vxf]iT{hjvxi4 i4tx|~v'}ªtjvfiTiÅsMi4vxi@








z]}Ãv0Â]i|t³ :A@.B^ :5< =&^ : @.B
?
!^ :5<>="!^ ﬂ:A< =K :A@6B #'b3)~^ D D D #i`]txi4 txi4xi@twi4ŁDvz]|~i'À|ªi@t¿
´ﬀ}ªili4txiŁDvtXŁ?iÅhj|ªi{«.u}LG'|~v{]Ł]u}ªŁ4txi«­{hl]|Ãv}~|ª}v}~{2Ł?Ł]T{ŁFu}~Ł]`vx{
Ł]i4i4twviÀi4Ł ³8jOyÁLµhj{uui2¿e$fij{uu]vŁ `#T¯#}~vxf  ﬁ6732Ł]#Sﬁs0+0+- !T³  Ł]#?i
iÅv|~rPxi4xi@twi4ŁDvz]|~i}~ŁTks ´ﬀLµ#txf{2|ª}ªÀi jh'vfih'vx}|Äi4tx|~v#{«2<7b!$-+0+0+0]Îzvuivx{
KOyÁ hj{si {Łvxfilks «­{2xh'v@Îsvxfi ivŁi4´ﬀ À6|~]ih]twvyzFio2b7b! -808)u¿
e$fitwi@{2Ł] |~i4Ài4|{«À|~}v}~{2Ł {«{2P|ª}~z]xr }ªtz]txi4 {2Ł vxfiŁ {«ltx{hjiTŁshji}|
|~2{}Ãvfh't¯#}~vxf EsŁ{¯#Ł?xi@tw|~vt4¿e$f]}ªt txi4{Ł]Q|~i4Ài|:À|~}vi4tXvxf]i'{Ài|ª|*Łshji4x}|ﬀzMifF6ÀD}ª{
{«%vxfi|~}ªzr¿#e$fi «­{2|~|ª{¯#}~Ł]P|ª{2x}~vxfh't#fF6Ài zMiiŁQ}~hj|ªihjiŁDvi4<ŁFTtwFi@txtw«­|ª|~rvxi@tvi4{2Ł






) ^ D D D ^
	rD
W


























ﬂ	 +#*ﬂﬀ# ~,@# 	&#*(
	A	 #',># ﬀ@},& L#
,	&	 +*+# ﬀ,&@
012345678911121315161718192022 21 14 1031 23252627282930 24
00000000000000
0
1 0 0 0 0 1 0 1
0101 0
10
0 1 0 0 1 1 0 0 1
1001100
1 0 0
0 0 1 1 0 0 0 0 0 0
00001010001 0 1 10 1 1 1 0 0 1 0 1













´ﬀ}~2i"H:¸>|ª}ª]vx}ª{ŁiÅh0]|~iHﬀ{]Ł]`v{'Łi4xi@tv$iÀ2iŁ{« 7v2 `:0+08- !¿
 
§ Ohji}ª4|tw{2|~Às}ªŁ©{«u}Mi4xi4Ł2v}ª| twrutwvxih't]tx}~Ł] #Ł]i±uvxv {uix± 8©h0ivxf{uÄ¿ ´{
}~ŁFtvŁ]i0Łshji4x}|~|ªr<tw{2|~À2i:#ﬁ >b 8N9#b 8
?















tw{2|~À2i  	 ` 	txrutvih «­{2#¯#f}ªfvxf]itw{2|~uv}~{2ŁÀ2i4vx{#}t
W
!^f)~^ﬀ^ D D Dﬂ^ 	 >¿

S
































zF{2uvﬀ-D }ªthji42twi4¬³Ø¯#}Ãvf?i4txMi4vXvx{Pvxfi0{}~2}~ŁF|*|ª}ªzxrµ¿e$fi}~ŁFi4txil}tzM{uv"- D 0





















































































ﬂ	 +#*ﬂﬀ# ~,@# 	&#*(














«­]wvfi@¿ twi@{2Ł] u}~i4vx}ª{Ł }t'v{¬iÅsvxi4Ł] vxf]iQtwivP{«6À}ª|z|ªi{Mivx}ª{ŁFtjvx{ {vxfi4`f}ªf|ªr










0 5  O Z 72Q X[Z 0Y1
e$f]iÂ]ŁFŁ]}ª|MtxM{xvL{«Nvxfi´iŁFf





 	 #CL, <"$#




















 #ﬂ+ﬂ	   <









































]|ªvw«­{h «­{ ]tv{hj}K4z]|~i0¸X¹*º¼»ihzFi@ui@Q{ui@txtx}~Ł]]¿ º¼Ł/.
#








	A	<#*( r ﬀ#43ﬀ561  87 9-9
ÎF2Łi2¿
B


















 '(f	 	$#*( ﬀ# +










{¯ {hjuvi@Î ¸X¹Nº¼»Î f}ªtwvx{2xr2Î }~Ł«­{hjvx}ª{ŁN¿
< AD>A@)BﬁB+CﬁCﬁC E RF	-F-R























DÁ.eyksº¿ <AAD>A@BDB+CﬁCﬁCAE F 6E<?RM¿
B
@Dº¼ŁDviŁ]v}~{2Ł]|\vi|ªi4{2hjhlŁ}vx}ª{ŁŁ}ª{Łﬂ






¹vxf]iv2iŁi4vx}ª{Ł|ªŁFi2¿ < AD>A@)BﬁB E F	 EﬃH ~-R E)F-J?PIB
	 G>-PDRF-RIB¿
B




Unité de recherche INRIA Rhône-Alpes
655, avenue de l’Europe - 38334 Montbonnot Saint-Ismier (France)
Unité de recherche INRIA Futurs : Parc Club Orsay Université - ZAC des Vignes
4, rue Jacques Monod - 91893 ORSAY Cedex (France)
Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Unité de recherche INRIA Sophia Antipolis : 2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)
  	


  
ISSN 0249-6399
